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The most common form of candidiasis in
humans is represented by superficial infection
of the horny layer of the skin and of the mucous
membranes. In these infections Candida albican.s
rarely penetrates beneath the stratum corneum,
even though inflammatory reactions may be
observed in the cutis and subcutis.
Ordinarily, therefore, C. albicans is a kera-
tophilic organism, comparable to the derma-
tophytes. It has recently been shown that C.
albicans is able in vitro to decompose and use
keratin as the sole source of nitrogen (1).
At present little is known about the factors
which favor superficial candidiasis in otherwise
healthy persons. Little is known about factors
intrinsic in the epidermis which might favor
colonization by C. albicans and the derma-
tophytes, and which limit the infection to the
horny layer. Little or nothing is known, further-
more, about intrinsic host factors which modify
the morphology of C. albicans in vivo.
Various studies by Nickerson and his co-
workers indicate that thiol compounds play an
important part in the metabolism of C. albicans
in vitro (2, 3, 4). Since thiol groups also play an
essential role in the keratinization process of
the skin (5), and form a characteristic component
of keratin, it seemed worth while to investigate
the possible relation between thiol groups and
susceptibility to C. albicans infection. As a first
step in this direction, it was sought to induce
vaginal candidiasis in mice at different stages of
the estrous cycle.
The mammalian estrous cycle is regulated by
the FSH of the anterior pituitary lobe and by
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follicular hormone activity. In rodents, the
estrous cycle is accompanied by periodic changes
in the vagina, during which the vaginal epithe-
hum assumes alternately the character of a
hyperkeratotic structure and of a mucous mem-
brane. These changes are reflected in the types
of cells seen in vaginal smears in the different
stages of the cycle (6). During the resting stage,
or diestrus, nucleated squamous epithelia and
polymorphonuclear leukocytes predominate in
smears. At proestrus, these cells are replaced by
small, deeply staining epithelia, or by small
amounts of amorphous cellular debris. Estrus is
indicated by the exclusive presence of fully
keratinized, anucleate, squamous epithelia. This
horny layer is shed after estrus has reached its
peak; nucleated epithelia reappear (metestrus),
and are joined within a few hours by polymorpho-
nuclear leukocytes, restoring the picture of
diestrus. The average duration of estrus has
been reported as 1.31 0.81 days (6), and up
to 2.49 days (7).
A well-developed stratum corneum, analogous
to that of the human epidermis, is present in the
mouse vagina only during estrus. Ascher and
Turner have shown that at this stage the stratum
corneum is rich in disulfide groups, while the
stratum granulosum gives an intense reaction
for sulfhydryl (8). It therefore seemed inter-
esting to investigate whether the mouse vagina
would be susceptible to C. albicans infection
during the stage of estrus.
METHOD
The estrous cycle was observed in 13 virginal
white mice by means of vaginal smears taken twice
daily. The readings were charted, so as to obtain
graphs of the cyclic changes occurring in the
vaginal epithehium, as reflected by the type of
cells found in the smears.
C. albicans was introduced into the vagina at
the beginning of estrus (8 mice), at metestrus
(2 mice), and during diestrus (3 mice). In addition,
it was attempted to induce infection in 9 gravid
animals near term (9), in which vaginal smears
showed a constant picture of diestrus. The
90 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
Fin. 1. Section of mouse vagina 24 hours after infection was induced at onset of estrus. Note blasto-
spores in upper layers, and mycelia in lower layers of stratum corneum. PAS stain, )< 100.
material was smeared into the vagina by means of
a knobbed glass rod thickly coated with the growth
from a 48 hour Sabouraud slant.
Vaginal smears from infected and non-infected
mice, and sections from infected animals were
stained by the Barroett-Seligman technic (10, 11).
Vaginal smears were taken, and the readings
charted, twice daily during and after the period
of infection.
Since it has been suggested that the high gly-
cogen content of the human vaginal epithelium
during pregnancy favors candidiasis, the glycogen
content of the mouse vagina at different stages of
the estrous cycle was tested by the method of
Mack (12, 13).
EESULTS
Infection could he induced successfully only at
the onset of estrus, and at the onset of metestrus,
when polymorphonuclear leukocytes were absent
in vaginal smears.
Smears taken during the first 12 to 24 hours
after infection showed a preponderance of hlasto-
spores (Y-phase). Within 36 to 48 hours myeelia
appeared (M-phase), which became progres-
sively longer and more numerous. Toward the
end of the infection mycelia were present ex-
clusively.
Sections taken within 24 hours after infection
showed, however, that C. albicans had pene-
trated through the entire horny layer and bad
formed a zone of filaments in the lowermost
layers of the stratum corneum, while the Y-phase
predominated in the superficial layers (Figure 1).
The infection lasted from 2 to 5 days. During
the entire period of infection vaginal smears
presented a picture of estrus, characterized by
marked hyperkeratosis and pronounced exfolia-
tion of the horny layer. Sections confirmed the
impression gained from smears, that hyper-
keratosis was more marked than during normal
estrus (Figures 1, 2, 3). A very slight inflamma-
tory reaction and slight hyperemia were noted
in the subcutaneous layers of the vagina.
Spontaneous involution of the infection oc-
curred with the onset of metestrus. At that stage
the mycelia were seen to colonize exclusively the
remaining clumps of cornified epithelia which
characterize estrus (Figure 4).
The picture of estrus could be re-initiated by
introducing C. albicans during this brief stage of
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FIG. 2. A portion of the same section as shown in Figure 1. Note pronounced hyperkeratosis and
exfoliation. HE, X 450.
FIG. 3. Normal mouse vagina, 24 hours nfter onset of estrus. Note moderate degree of hyperkeratini-
zation. HE, X 100.
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metestrus, when nucleated squamous epithelia
were replacing the anucleate scales of estrus,
but when leukocytes had not yet reappeared.
Repeated attempts to induce infection at
diestrus were unsuccessful. Phagocytosis was
noted within four to six hours after infection,
and within twelve hours the organism had dis-
appeared completely from vaginal smears. There
was no recurrence of the infection during the
next following stage of estrus.
Vaginal smears taken during estrus and diestrus
and stained by the Barrnett-Seligman method
(10, 11), were negative for sulfhydryl. The corni-
fled epithelia found during estrus gave a positive
disuffide reaction. sections taken at the onset
of metestrus showed a strong reaction for suif-
hydryl in the entire vaginal epithelium. These
findings are in agreement with the results ob-
tained by Ascher and Turner (8), but disagree
with those described by Kahn (14), who found
a strong concentration of sulfhydryl in the
horny layer during estrus.
The tests for glycogen were negative through-
out. In this connection it is interesting to note
that the oral mucous membranes of newborn
infants, also, gave a negative reaction for glyco-
gen, although these infants are highly susceptible
to oral thrush. Vaginal smears of pregnant and
non-pregnant women, on the other hand, gave
strongly positive results with the same method.
It would therefore seem that the glycogen con-
tent of the mucous membranes is not a decisive
factor in susceptibility to superficial C. albicans
infection.
DISCUSSION
There are several indications that the thiol
content of the human epidermis and its annexes
may play a role in superficial fungus infections.
It is well known that the ringworm fungi will
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Fin. 4. Vaginal smear, 5th day of infection. Onset of diestrus. Note selective colonization of anucleate,
cornifled epithelia, density of mycelia, and absence of blastospores. PAS-hematoxylin; X 250.
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colonize only the fully keratinized portion of the
hair shaft which contains S—S groups, and will
stop abruptly at the zone of keratinization
where S—H groups prevail. C. albicans does not
commonly attack the hair. However, Sehirren
and Rieth recently described an authentic case
of folliculitis barbae due to C. albicans in which
mycelia were observed within the hair shaft (15).
In C. albicans the problem of dimorphism
further complicates the problem of pathogenicity
and in vivo metabolism of the organism. It has
been shown that C albicans mycelia per se are
not pathogenic for animals (16, 17). On the other
hand, it was found with regard to the pathogene-
sis of oral thrush, that the exclusive presence of
blastospores (Y-phase) was indicative of the
saprophytic, non-pathogenic stage of the or-
ganism. Clinical manifestations appeared only
after the fungus had penetrated the oral epithe-
hum and begun to form myeelia (18).
In the present experiments, myeelia were
seen to predominate in the lowermost layers of
the stratum eorneum, adjacent to the granular
layer in which a slight inflammatory reaction
was noted.
These observations permit the tentative in-
ference that the Y-phase of C. albicans plays
an essential role in tissue penetration, but that
the M-phase may evoke the tissue reactions of
the host which characterize clinical candidiasis.
It is well known that in vitro the mycelial
phase can be induced by various sub-optimal
conditions of the environment, such as reduced
O2-tension, lack of fermentable sugars, media
poor in nutrients, etc.
The M-phase results from inhibition of the
enzymes which regulate cell division, while the
mechanisms regulating cell growth remain un-
affected (2). Nickerson and his coworkers showed
that the cell division enzyme in C. albicans is a
disulfide reductase present in the mitoehondria,
which enables the cell to reduce protein-bound
disulfide groups in the cell wall to sulfhydryl (3).
This enzyme is lacking in a rough filamentous
mutant of C. albicans which was first described
by Mackinnon (16), and which has been studied
intensively by Niekerson and his coworkers.
This mutant is non-pathogenic for laboratory
animals, but virulence can be restored by revert-
ing the colony to the yeast phase. Reversion
ensues upon addition of M/100 cysteine or
glutathione to the culture medium (2). In higher
concentrations eysteine inhibits growth (17).
Furthermore, both normal strains and the
filamentous mutant of C. albi cans possess a
eystine and a glutathione reductase (3).
All these findings prove that disulfide and
sulfhydryl groups are prerequisites in the metabo-
lism of C. albicans in vitro. Sulfhydryl is required
for cell division and is obtained by the organism
by reduction of intracellular disulfide groups.
The present experiments indicate that C.
albicans may find similar conditions in the di-
sulfide-rich keratin of the horny layer which
was parasitized exclusively during the estrous
cycle of the mouse. However, it appears that
conditions in vivo are sub-optimal for the or-
ganism. This is indicated by M-phase formation
immediately upon tissue penetration.
Serum possesses fungistatie properties (19),
and has been shown to convert C. albi cans to the
M-phase within a few hours (20). The inhibition
exerted upon C. albicans by living cells was
shown by Hu and coworkers, who found that
C. otbicans grew on tissue culture media pre-
dominantly in the M-phase in the presence, and
predominantly in the Y-phase in the absence, of
tissue explants (21).
It is possible that a hyperoptimal concentra-
tion of sulfhydryl in the stratum granulosum is
one of the factors which prevents penetration of
C. albicans (and the ringworm fungi) into the
living portions of the skin.
The present study represents only a first and
preliminary attempt to relate the pathogenicity
of Candida albicans with the thiol content of
the stratum eorneum. Further studies of the
problem are in progress.
sUMMARy
Vaginal eandidiasis was induced in mice at
different stages of the estrous cycle. Infection
was successful only when induced at the onset
of estrus, or very early metestrus, in the presence
of fully eornified vaginal epithelium.
The infection was characterized by marked
hyperkeratosis and exfoliation of the horny
layer of the vagina, and slight inflammatory
reactions and hyperemia in the subcutaneous
tissues.
The infection lasted 2 to 5 days, during which
time the vaginal smears presented the char-
acteristic picture of estrus. Myeehia predomi-
nated in the lowermost layers of the stratum
corneum.
Involution occurred spontaneously with the
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onset of diestrus, and there was no reeurrence
of the infection.
Vaginal smears taken during estrus gave a
positive reaction for disulfide and a negative reac-
tion for sulfhydryl. Sections showed a strongly
positive reaction for sulfhydryl in the stratum
granulosum.
These findings, together with phenomena de-
scribed in the literature, are taken as an indica-
tion that the pathogcnicity of C. albicans may
be related in part to the thiol content of the
epidermis.
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